Abstract. Carbon nanotubes-talc (CNTs-talc) hybrid compound has been successfully synthesized via chemical vapour deposition (CVD) method. A gas mixture of methane/nitrogen (CH 4 /N 2 ) was used as the carbon source and nickel as the metal catalyst for the growth of CNT hybrid compound. Talc works as substrate or support material which is combined with nickel to form a complex metaltalc catalyst that will react with carbon source to produce the hybrid compound. To study the effect of different calcinations temperature, four different calcinations temperature, 300 o C (C-talc300), 500 o C (C-talc500), 700 o C (C-talc700) and 900 o C (C-talc900) were used. Among these four calcination temperatures for synthesis the multi-walled carbon nanotubes (MWCNTs), C-talc500 is the most optimum calcination temperature to perform catalytic decomposition by reacting in methane atmosphere at 800 ˚C to produce the CNT-talc hybrid compound.
Introduction
Carbon nanotubes (CNTs) gives a great attention to the researchers in various field of science and technological applications including electronic devices [1] [2] , mechanical applications [3] , medical sectors [4] [5] etc. In advanced material research (especially in polymer composites) CNT were used to enhance the mechanical, thermal and electrical properties of polymer materials. The CNTs was reported in hundreds of works nowadays to be one of the greatest materials especially in term of mechanical strength and electrical properties [6] [7] . Unfortunately, the nanometre scale of CNTs has restricted the performance of CNTs in their composites. The CNTs are usually tend to entangled or aggregated to each other due the van der Waals interaction and make the CNTs difficult to disperse properly in the matrix [8] . There are several ways that had been suggested to solve the problem such as functionalization, ultra-sonication, coupling agent, hybridization etc. The hybridization technique is becoming popular technique with several approaches. One of the proposed hybridization techniques is by depositing the CNTs onto the substrate material and in the end; both CNTs and substrate will be used as reinforcement in the polymer composites. The synergic hybrid combination of nanometer size of CNTs and micrometer size of the substrate is successfully improving the properties of polymer composites. Ai Yu et al [9] reported that their research on hybrid between CNTs and graphene nano-platelet (GNP) successfully increase the thermal conductivity of the composite, whereby GNP is the substrate to synthesis the CNTs. Rather than GNP, talc also can be used as substrate to synthesize the CNTs. Talc is widely used as filler due to the abundance, environment friendliness, economical and simple assimilation to the processing techniques, make these as a sustainable reinforcing agent in the polymer matrix [10] [11] .
Consequently, hybridizing CNTs with talc to form multi-scale hybrid structure is an interesting topic and probably produce some new feature for the CNTs applications and properties. In order to improve the dispersion of CNTs in polymer matrix, synthesizing hybrid multi-scale reinforcement by growing CNTs by using CVD on inorganic materials such as talc have been carried out. Talc is believed to perform as 'vehicle' of CNTs to disperse in the matrix. In this work, CNTs-talc hybrid was synthesized via CVD by using the same principal of depositing the CNTs on to talc substrate. The evaluation of the different calcinations temperatures of the complex nickel-talc catalyst was carried out to find the suitable calcinations temperature in order to synthesis the CNT.
Experimental Material and Synthesis Methods
The catalyst (Ni/talc) was prepared using the co-precipitate method. Catalyst salts (Ni (NO 3 )2.6H 2 O) were mixed with talc in distilled water. Sodium hydroxide (NaOH) (0.02 mol 98% purity) were dissolved in distilled water (50 ml) and added into previous mixture with constant stirring. The colloid formed as expected and was aged at room temperature for 24 hours without stirring. After 24 hours the precipitate was washed, filtered and dried at 110 o C for 2 hours. Then the precipitates were calcined at four different temperatures as described in Table 1 . Finally, the reduction of the catalyst was performed in hydrogen gas at 400 o C for 2 hours. The reduced catalyst was then reacted in a methane/ nitrogen mixture at 800 o C for 30 minutes, in order to growth the CNTs. The CNTs growths on the support materials were conducted in a custom-made CVD horizontal tube furnace setup, with a precise gas flow control unit. 
Catalyst
Calcination temperature ( o C) Calcination Time (h) C-talc300 C-talc500 300 500 10 10 C-talc700 700 10 C-talc900 900 10
MWCNT Characterization
X-Ray Diffraction (XRD). X-ray diffraction was conducted using a Philips X-Pert Pro Diffractometer, with CuK radiation. Intensity was measured by step scanning in the 2θ range of 10-80 degrees.
Field Emission Scanning Electron Microscopy (FESEM). A Phillips Field Emission Scanning
Electron Microscope (model S-36; Leica Cambridge Ltd. With a Leo Supra 35VP system) was used to study the morphology. A thin layer of Au was coated onto the surface permitted for the observation of the microstructure.
High Resolution Transmission Electron Microscopy (HRTEM).
HRTEM was performed using a Philips TECHNAI 20 (200kV). The sample's preparation involved sonication of the synthesized materials in a 2% surfactant solution, for at least half an hour. Several drops of the resulting suspension were the placed onto holey carbon grids.
Result and discussion
The CNTs-talc hybrid compounds were synthesized using complex nickel/talc as a catalyst via CVD method. Catalyst calcination temperature was mentioned to be one of the important factors in promoting CNTs [12] . Consequently, to investigate the effect of calcination temperature on the production of CNTs, several possible temperatures was selected. In this study, four different
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calcination temperatures were used (C-talc300, C-talc500, C-talc700 and C-talc900) for 10 hours. From visual observation of C-talc300, the colour of light-green remains unchanged after the calcination processes. However, the colour of catalysts C-talc500, C-talc700 and C-talc900 underwent a drastic change to brown (C-talc500) and grey (C-talc700 and C-talc900) respectively. Further observation showed that the colour of the compounds turned black after methane decomposition for C-talc500, C-talc700 and C-talc900 and grey for C-talc300. The colour change of the compounds, from brown and grey to black, was believed to indicate the presence of carbon in the hybrid compound.
Further investigation on the proof of carbon existence was done by X-ray diffraction (XRD) analysis. The XRD patterns of the CNT-talc hybrid are shown in Figure 1 . From the result, formation of carbon, C (ICDD 03-065-6212), nickel, Ni (ICDD 01-087-0712), magnesium oxide, MgO (ICDD 01-089-7746) and magnesium silicate, MgSiO 3 (ICDD 00-011-0273) have been discovered from each samples. In order to confirm the geometry of carbon element presence in the hybrid compounds, they were subjected to detailed morphological study using the FESEM. Figure 1 : XRD pattern of CNTs-talc produced using catalyst (a) C-Talc300 (b) C-Talc500 (c) CTalc700 and (d) C-Talc900. Figure 2 shows the FESEM images of the CNTs-talc hybrid compounds produced using catalyst CTalc300, C-Talc500, C-Talc700 and C-Talc900. From observation, there are no growths of CNTs on talc particles for C-talc300 hybrid compound. The C-talc500 hybrid compound seem to have wire-like structures considered as CNTs which covering the talc particle. Furthermore, it can be observed that the diameter of CNTs growth with size between 25 -40 nm. The C-talc700 hybrid compound and C-talc900 hybrid compound also shows the same morphologies. There are few wires-like structures that are seen scattered on the talc particle for both samples. It indicated that Ctalc700 hybrid compound and C-talc900 hybrid compound do not cause full growth of the CNTs on talc particle. From EDX result, the carbon content for the C-talc300 hybrid compound, C-talc500 hybrid compound, C-talc700 hybrid compound and C-talc900 hybrid compound are 02.63 wt%, 37.93 wt%, 23.52 wt% and 14.47 wt% respectively. The C-talc500 hybrid compound has shown the highest carbon content compared to the other compound. Among these four calcination temperatures for synthesis process, C-talc500 is the most optimum calcination temperature to perform catalytic decomposition by reacting in methane atmosphere at 800 ˚C to produce the CNTstalc hybrid compound.
Hybrid compound was further investigated using High Resolution Transmission Electron (HRTEM) in order to closely observe, in nanometre scale. Figure 3 shows the HRTEM micrograph of C-talc500 hybrid compound and it's proved the formation of multi-walled carbon nanotubes (MWCNTs) on the talc's surface. Figure 3 (a) indicated that the CNTs had grown on the talc particle. Figure 3 (b) shows the wire-like hollow structures, with several layers of wall, confirmed that the CNT is MWCNTs. 
Conclusion
The CNTs-talc hybrid filler has been successfully deposited using CVD technique. Among the four calcination temperatures which are used to synthesize the MWCNTs, the temperature 500 o C is found to be the optimum calcination temperature to grow the MWCNTs in order to produce the CNTs-talc hybrid compound.
